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(3) A multilayer printed circuit board and manufacturing method therefor. 

(5?) A laminate of wiring layers are stacked up on one side of a copper clad glass-epoxy substrate by 
alternately depositing photosensitive resin layers and electrolessly plated copper layers. The copper 
layer on the one side of the copper dad substrate is used as a first level wiring layer. Interconnection of 
the wiring layers are made by vias in the photosensitive resin layers. The copper layer on the other side 
of the substrate is used as a power plane. Interconnection between the power plane and power supply 
pads or lands in the outermost wiring layer is made by plated through holes which extend through the 
substrate. Thus the photoprocessed vias are used for interconnection of signal conductors in the wiring 
layers and the plated through holes are used for power connections. This minimizes the use of relatively 
large, mechanically drilled through holes to thereby provide higher circuit density. The laminate of the 
wiring layers may be provided on both sides of the substrate. In this modification, the copper layer on 
the other side of the copper clad substrate may be used as an additional wiring layer, not as a power 
plane, and the power conductors are formed in the outermost copper layers, which are interconnected 
by through holes. 
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This invention relates to multilayer printed circuit 
boards and manufacturing methods therefor. 

In conventional multilayer printed circuit boards, 
it is common to position power supply and ground 
layers inside the board and signal layers on the out- 
side, and to interconnect those layers by throug- 
hholes. However, inasmuch as the throughholes are 
formed by mechanical dnlling and hence tend to be of 
relatively large size, it is difficult to increase the wiring 
density of the circuit board. Also, inasmuch as it is 
necessary to design the signal layers on both sides 
while always taking throughhole connections into con- 
sideration, freedom in wiring design is relatively res- 
tricted. Moreover, since the throughholes pass 
through the power supply and ground layers, it is 
necessary to provide clearance holes at those throug- 
hhole locations in the power supply and ground layers 
where no power supply or ground connections are 
required. Accordingly, the higher the throughhole 
density becomes, the smaller the clearance holes 
have to be formed with still higher accuracy, which in 
turn entails more accurate alignment of the signal 
layers with the power supply and ground layers in 
laminating those layers. Recently, in addition to PIH 
(Pin In Hole) components which are mounted by 
inserting their pins into throughholes, SMT (surface 
Mount Technology) components which are mounted 
without pins have come to be used. Therefore, there 
is a need for multilayer printed circuit boards which 
can be applied to both STM and PIH components. 

An object of the present invention is to provide a 
multilayer printed circuit board which allows higher 
wiring density and higher degree of freedom in design 
of wiring and enables throughhole connections to be 
minimized. 

In the first aspect of the present invention, there 
is provided a multilayer printed circuit board compris- 
ing: an insulating substrate; a conductive layer pro- 
vided on one side of said substrate; a laminate 
provided on the other side of said substrate, said lami- 
nate comprising wiring layers and at least one insulat- 
ing layer; a conductive through hole extending 
through said substrate and said laminate; said con* 
ductive layer including a power supply conductor, the 
outermost wiring layer of said laminate including sig- 
nal wiring conductors and a power supply conductor, 
and the power supply conductors in said conductive 
layer and said outermost v/iring layer being intercon- 
nected by said conductive through hole. 

In preferred embodiments one side of the double- 
sided copper clad circuit board is used to mount com- 
ponents and supply a ground potential, and the other 
side is used to supply a power supply voltage. 

Viewed from a second aspect, the present inven- 
tion provides a multilayer printed circuit board com- 
prising an insulating substrate; a laminate provided 
on each side of said substrate, each said laminate 
comprising wiring layers and at least one insulating 



layer a conductive through hole extending through 
said substrate and said laminates; the outermost wir- 
ing layer of each said laminate including signal wiring 
conductors and power supply conductors; and the 

5 power supply conductors In said outermost wiring 
layers of said laminates being interconnected by said 
conductive through hole. 

This arrangement permits one side of the circuit 
board to be used to mount components and feed a 

10 ground potential, whilst the other side is used to 
mount components and to feed a power supply volt- 
age. 

The present invention will be described further, by 
way of example only, with reference to an embodi- 
15 ment thereof as illustrated in the accompanying draw- 
ings, in which: 

Figures 1 A to 1 J show the manufacturing process 
of a multilayer printed circuit board according to 
a first embodiment of the present invention; and 
20 Figures 2A to 21 show the manufacturing process 

of a multilayer printed circuit board according a 
second embodiment of the present invention. 
Figure 1 shows the steps involved in the man- 
ufacturing process of a multilayer printed circuit board 
25 in accordance with an embodiment of the present 
invention. In this embodiment a four-layer printed cir- 
cuit board is manufactured. 

Referring now to Figure 1A, there is shown a 
glass epoxy insulating substrate 10 laminated on both 
30 sides with copper layers 12 and 14. The copper layers 
are each 1 8 microns thick. 

As shown in Figure 1B, the copper layer 12 is then 
patterned by a conventional selective etching tech- 
nique to form a first wiring layer or wiring level which 
35 includes signal wiring conductors 16. The copper 
layer 14 on the other side is used as a power supply 
layer in this embodiment 

Next as shown in Figure 1C. a photosensitive 
resin insulating layer 18 is applied to cover the signal 
40 wiring conductors 16 in the first wiring layer, and is 
then exposed and developed to form viaholes 20 at 
selected locations. The photosensitive resin insulat- 
ing layer used is, in preferred embodiments, Probimer 
52, a negative type photosensitive epoxy resin placed 
45 on the market by Ciba-Geigy Ltd. This epoxy resin is 
applied to the surface of the substrate by curtain coat- 
ing, precured at 80°C for one hour, exposed with a 
mercury lamp, and then developed with developer 
DY90 (a mixture of propylene carbonate, cyc- 
so lohexanone, and gamma-butyrolactone) of Ciba-Gei- 
gy Ltd. 

Next, the surface of the epoxy resin layer 18 is 
roughened by etching with a solution of potassium 
permanganate, and then activated with Activator 180, 
55 a seeding chemical of DYNACHEM Inc. This seeding 
chemical is a solution including colloidal tin and pal- 
ladium. 

As shown in Figure 1D, a further copper layer 22 
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is then deposited by electroless plating on the entire 
surface of the insulating layer 18 formed with 
viaholes. This copper layer 22 is connected to the sig- 
nal wiring conductors 16 of the first level by plated 
viaholes 24. The copper deposited by the electroless 5 
plating is also deposited on the lower copper layer 14 
in Figure 1C and thus thickens the copper layer 14 a 
little. The lower copper layer thus thickened is indi- 
cated by reference number 14' in Figure 1D. The cop- 
per layer may be further thickened by electroplating 10 
after the electroless plating, if necessary. 

In Figure 1E, the copper layer 22 is patterned by 
selective etching to form a second wiring layer or wir- 
ing level which includes signal wiring conductors 26. 

As shown in Figure 1 F, in the same manner as the is 
step shown in Figure 1C, a second photosensitive 
resin insulating layer 28 is applied on the signal wiring 
conductors 26 in the second level, and viaholes 30 are 

development 20 

Next, a throughhole 32, as shown in figure 1G, is 
formed by mechanical drilling at a location where a 
power supply connection is to be established. 
Although only one throughhole 32 is shown in Figure 
1G. a plurality of throughholes may be provided as 25 
required. The throughhole 32 is used to provide a 
power supply connection from the power supply layer 
on the lower side of the circuit board to a power supply 
conductor or power supply pad on the upper side of 
the circuit board. 30 

As shown in Figure 1H, in the same manner as 
the step shown in Figure 1D, copper is deposited by 
electroless plating on the entire surface including the 
walls of the throughhole 32. The copper is also depo- 
sited on the lower copper layer 14' shown in Figure 1G 35 
and thus thickens the lower copper layer 14'. The 
lower copper layer thus thickened is indicated by 
reference number 14" in Figure 1H. If necessary, the 
deposited copper layer may be further thickened by 
electroplating after the electroless plating. On the 40 
upper surface of the circuit board, there now exists a 
surface conductor layer 36. which is connected 
through the vias 34 to the signal wiring conductors 26 
in the second level. A throughhole connection 38 is 
formed in the throughhole 32, which connects the 45 
upper surface and the lower surface of the circuit 
board. 

In the next step, as shown in Figure 1 1, the surface 
conductor layer 33 and the lower copper layer 1 4" are 
patterned by selective etching to form signal wiring so 
conductors 40 of a third wiring level, a ground conduc- 
tor 42 on the upper surface, a power supply conductor 
or power supply land 44 on the upper surface, and a 
power supply conductor 46 on the lower surface. The 
signal wiring conductors 40 on the upper surface pro- 55 
vide SMT component mounting terminals. The lower 
copper layer 14" in Figure 1H may be patterned as 
necessary when such components as resistors and 



capacitors are to be mounted on the lower side of the 
substrate for supply voltage regulation, decoupling 
and so on. 

Finally, as shown in Figure 1J, the conductor 
areas not to be exposed are covered with solder resist 
layers 48 of a poly amide or epoxy resin. 

In the above-mentioned embodiment, the copper 
layer 14 on the lower surface of the insulating sub- 
strate is used as a power supply layer. However, the 
copper layer 14 may be used as a ground layer and 
the copper layer 42 on the upper surface of the circuit 
board may be used as a power supply layer. The elec- 
trical characteristics are almost the same in both 
cases. 

Although a four-layer printed circuit board has 
been illustrated in the above, it is also possible to 
manufacture a printed circuit board having more wir- 
ing layers by repeating similar steps. 

iSgutw 24 to 3' cfltuw ithr steps* «5tf .ir ilVw 
manufacturing process of a multilayer printed circuit 
board in accordance with a second embodiment of the 
present invention such that wiring layers are stacked 
on both sides of an insulating substrate. The man- 
ufacturing process is basically the same as that 
shown in Figures 1A to 11, except that wiring layers 
are formed on the lower side of the substrate 10 as 
well. The elements on the lower side of the substrate 
corresponding to those formed on the upper side of 
the substrate are designated by like reference num- 
bers but with primes attached. 

With regard to Figure 2, both the upper copper 
layer 12 and the lower copper layer 14 are patterned 
as shown in Figure 2B and are used as signal wiring 
layers. The subsequent steps are similar to those des- 
cribed with regard to Figures 1C to 11. A throughhole 
32 is formed as shown in Figure 2G. The entire sur- 
face is then deposited with copper by electroless plat- 
ing as shown in Figure 2H. As shown In Figure 21, the 
surface conductor layers 36 and 36' are etched to 
desired patterns. On the upper side of the circuit 
board there are formed a power supply conductor or 
power supply land 44 connected to a lower power 
supply layer 46 through a plated throughhole 38, sig- 
nal wiring conductors 40 and a ground layer 42. Also, 
a power supply layer 46 and signal wiring conductors 
40' are formed on the lower side of the circuit board. 
The signal wiring conductors 40 and 40' may be used 
as SMT component mounting terminals. 

If desired the conduaor layer 42 may be used as 
a power supply layer and the conductor layer 46 may 
be used as a ground layer. 

The circuit board shown in Figure 21 has no 
ground layer on its lower side. Hence, when a com- 
ponent which requires a ground connection is moun- 
ted on the lower side of the circuit board, it is sufficient 
to provide on the lower side of the circuit board a 
ground land (not Blustrated) similar to the power sup- 
ply land 44, and to provide another throughhole 
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through which to connect the ground layer 42 on the 
upper side of the circuit board to the ground land on 
the lower side. Needless to say. the ground land may 
be formed by the patterning used in Figure 21 at the 
same time as the other conductor patterns on the sur- 
faces of the circuit board. 

The preferred embodiment of the present inverv 
tion has the following advantages: 

(a) Since interconnection between signal layers is 
made through small viaholes formed by photop- 
rocessing and the use of larger throughhoies is 
minimized, the signal wiring density of me four- 
layer printed circuit board shown in Figure 1 can 
be increased to about twice that of conventional 
four-layer printed circuit boards of the throug- 
hhole connection type, with the result that circuit 
package size can be greatly reduced; 

(b) Since throughhole connections for signal wir- 
ing conductors are reduced, parasitic induct- 
ances and capacitances of signal wires are 
notably decreased, and hence the performance 
of a multilayer printed circuit board in accordance 
with the present invention is better than that of 
conventional circuit boards; 

(c) Since signal wiring can be designed substan- 
tially without regard to throughhole connections, 
the degree of freedom for signal wiring design is 
increased such that designs are facilitated easier 
and wiring design time can be shortened. 

(d) Since the surface regions of a printed circuit 
board with no signal wiring conductors formed are 
covered with a power supply layer or ground 
layer, a higher shielding effect can be obtained. 

(e) The described embodiment can be very 
economically implemented by utilizing existing 
processes and materials. 

(f) The described embodiment can be applied not 
only to SMT component mounting but also to PIH 
component mounting. 

Claims 



the power supply conductors (46,44) in 
said conductive layer (14) and said outermost wir- 
ing layer (36) being interconnected by said con- 
ductive through hole (32). 

5 

2. A multilayer printed circuit board comprising; 

an insulating substrate (10); 

a laminate provided on each side of said 
substrate, each said laminate comprising wiring 
w layers and at least one insulating layer, 

a conductive through hole (32) extending 
through said substrate and said laminates; 

the outermost wiring layer of each said 
laminate including signal wiring conductors 
15 (40,40') and power supply conductors (44,46); 

and 

the power supply conductors in said outer- 
most wiring layers of said laminates being inter- 
connected by said conductive through hole. 

20 

3. A multilayer printed circuit board ms daimed in 
Claim 1 or Claim 2, wherein each of said wiring 
layers (12,22.36) includes signal wiring conduc- 
tors (16,26,40) and said signal wiring conductors 

25 in said wiring layers are interconnected by con- 

ductive vias (24,34) in said insulating layers. 

4. A multilayer printed circuit board as daimed in 
any preceding Claim wherein said insulating sub- 

30 strate (10) is a glass - epoxy substrate. 

5. A multilayer printed circuit board as daimed in 
any preceding Claim, wherein said signal wiring 
conductors (40) in said outermost wiring layer 

35 (36) are patterned to provide terminals for attach- 

ment of surface mount components. 

6. A multilayer printed circuit board as daimed in 
any preceding Claim, wherein said outermost wir- 

40 ing layer (36) further indudes a ground conductor 

(42). 

7. A method for manufacturing a multilayer printed 
circuit board comprising the steps of: 

(a) preparing an insulating substrate (10) with 
both surfaces being dad with copper, 

(b) patterning the copper layer (12) on one 
side of s^id substrate to form a wiring layer 
indudinq signal wiring conductors (16); 

(c) depositing an insulating layer (18) on said 
wiring layer. 

(d) forming vias (20) in said insulating layer 
(1 8) to expose selected portions of said signal 
wiring conductors (16); 

(e) depositing a copper layer (22) on said 
insulating layer, induding said vias; 
(0 patterning the deposited copper layer (22) 
to form a wiring layer induding signal wiring 



1. A multilayer printed circuit board comprising: 

an insulating substrate (10); 45 
a conductive layer (14) provided on one 

side of said substrate; 

a laminate provided on the other side of 

said substrate, said laminate comprising wiring 

layers (12.22.36) and at least one insulating layer 50 

(18); 

a conductive through hole (32) extending 
through said substrate (10) and said laminate; 

said conductive layer (14) induding a 
power supply conductor (46); 55 

the outermost wiring layer (36) of said 
laminate including signal wiring conductors (40) 
and a power supply conductor (44); and 
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conductors (26); 

(g) repeating said steps (c) - (f). as required; 

(h) depositing an insulating layer (28) on the 
top wiring layer; 

(i) forming vias in the insulating layer (28) for- 5 
med in step (h) to expose selected portions of 

the signal wiring conductors (26) in said top 
wiring layer 

(j) forming a through hole (32) at a selected 
location of the resulting structure; 10 
(k) depositing a copper layer (36) on the entire 
surface of said structure, including said 
through hole (22); and 

(I) patterning the deposited copper layer (36) 
to form, on the insulating layer formed in step 1 5 
(h), an outermost wiring layer including signal 
wiring conductors (40) and a power supply 
conductor (44) and, on the other side of said 
substrate, a conductive layer (14) including a 
power supply conductor (46), said power sup- 20 
ply conductors (44,46) in said outermost wir- 
ing layer and said conductive layer being 
interconnected by said through hole (32). 



ductors (44.46), said power supply conduc- 
tors in said outermost wiring layers being 
interconnected by said through hole (32). 

9. A method as claimed in Claim 7 or Claim 8, whe- 
rein said insulating layers are formed out of a 
photosensitive resin and said vias are formed by 
exposing and developing the photosensitive 
layers. 

10. A method as claimed in any preceding Claim, 
wherein the deposition of said copper layers are 
performed by electroless plating. 

11. A method as claimed in any preceding Claim, 
wherein said outermost wiring layer is patterned 
to provide terminals for attachment of surface 
mount components. 

12. A method as claimed in any preceding Claim, 
wherein said outermost wiring layer is patterned 
to further include a ground conductor (42). 



8. A method for manufacturing a multilayer printed 25 
circuit board comprising the steps of: 

(a) preparing an insulating substrate (10) with 
both surfaces being clad with copper, 

(b) patterning the copper layers (12.14) on 

both sides of said substrate to form wiring 30 
layers including signal wiring conductors 
(16.16'); 

(c) depositing an insulating layer (18,18') on 
each of said wiring layers; 

(d) forming vias (20,20') in said insulating 35 
layers to expose selected portions of said sig- 
nal wiring conductors in said wiring layers; 

(e) depositing a copper layer (22.22') on each 
of said insulating layers, including said vias; 

(f) patterning the deposited copper layers 40 
(22,22') to form wiring layers Including signal 
wiring conductors (26,26'); 

(g) repeating said steps (c) - (f), as required: 

(h) depositing an insulating layer (28,28') on 
each of the top wiring layers; 45 

(i) forming vias in the insulating layers formed 
in step (h) to expose selected portions of the 
signal wiring condurtors (26,26') in said top 
wiring layers; 

(j) forming a through hole (32) at a selected so 
location of the resulting structure; 
(k) depositing a copper layer (36.36') on the 
entire surface of said structure, including said 
through hole (32); and 

(I) patterning the deposited copper layer (36) 55 
to form, on each side of said substrate, an out- 
ermost wiring layer including signal wiring 
conductors (40.40') and power supply con- 
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